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Radiologic Evaluation of Basilar Invagination Without Obvious Atlantoaxial Instability

(Group B Basilar Invagination): Analysis Based on a Study of 75 Patients
Atul Goel1,2, Trimurti Nadkarni1, Abhidha Shah1, Prashant Sathe1, Manoj Patil1
-BACKGROUND: We evaluated the radiologic features of
75 patients with group B basilar invagination who exhibited
no evidence of atlantoaxial instability based on the con-
ventional parameter of an abnormal increase in the atlan-
todental interval. We specifically studied the variability and
possible significance of the presence of cerebrospinal fluid
(CSF) within and outside the confines of neural tissues.

-MATERIALS AND METHODS: During the period January
2008eMay 2015, we encountered 75 cases with group B
basilar invagination. These patients were divided into 4
groups depending on cervical spinal imaging that showed
the presence of syringomyelia (group B1), increased CSF
volume in the extramedullary space or external syrinx
(group B2), the presence of both syringomyelia and
external syrinx (group B3), and no abnormality of CSF
cavitation in the spinal canal (group B4).

-RESULTS: Our cohort comprised 39 group B1 cases, 10
group B2 cases, 20 group B3 cases, and 6 group B4 cases.
The neck size and posterior fossa height were simulta-
neously reduced, by 15.89% and 15%, respectively, but the
length of the neural structures remained within the normal
range. Excessive amounts of CSF were present within or
outside the confines of neural structures, including the
spinal cord, brainstem, and cerebellum.

-CONCLUSIONS: In cases of basilar invagination, various
musculoskeletal and neural alterations seem to have a
common functional role in protecting the craniocervical
cord and delaying or stalling neurologic dysfunction.
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INTRODUCTION
n this study, we analyzed the radiologic features of 75 cases of
group B basilar invagination. This group is characterized by
I rostral migration of the entire craniovertebral junction bone

complex.1-3 The basic premise is that patients with group B basilar
invagination exhibit no evidence of craniovertebral junctional
instability when evaluated by the conventional parameter of an
abnormal increase in the atlantodental interval.1-3 The odontoid
process was below the Wackenheim clival line, and relatively
severe basilar invagination was evident as evaluated by the clas-
sical parameter of the Chamberlain line.1-4

In the present work, we evaluated the presence of various
musculoskeletal and neural abnormalities, focusing on the pres-
ence of excessive amounts of cerebrospinal fluid (CSF) within and
outside the confines of neural structures. We also evaluated
parameters that suggest the presence of instability.

MATERIALS AND METHODS

During the period January 2008eMay 2015, we surgically treated
470 patients with basilar invagination, including 395 patients with
group A invagination and 75 patients with group B invagination. In
the present study, we evaluated the radiologic studies in the group
B patients. The radiologic features were compared with a control
cohort of 25 patients who were age- and sex-matched, had
normal cervical spinal architecture, had been investigated for
unrelated causes, and had no craniovertebral or spinal anomaly or
abnormality.
Depending on the type of CSF cavitation within or outside the

spinal cord, the 75 group B patients were divided into 4 sub-
groups. Group B1 (39 cases) included the patients with syringo-
myelia (Figures 1 and 2). Group B2 (10 cases) included patients
with no syringomyelia but clear evidence of excessive CSF volume
in the extramedullary space of the spinal cord (Figure 3). The
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Figure 1. Images of a 30-year-old male patient. (A) T2-weighted MRI
showing group B1 type basilar invagination. Note that the cerebellar folia
are wide and the fourth ventricle is of normal shape. (B) T1-weighted MRI

showing basilar invagination and syringomyelia. (C) Sagittal image of CT
scan showing assimilation of atlas. (D) Sagittal image through the
atlantoaxial facets. Type B facetal instability is evident.
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excessive amount of CSF was termed “external” syrinx. The term
external syrinx was used only to refer to the presence of an
excessive amount of CSF that occupied the larger available space
in the widened subarachnoid spaces, and not to a loculated
tumor-like like space-occupying collection as seen in arachnoid
cysts. Cord girth measurements were used not to quantify the
volume of the spinal cord, but rather to delineate the thickness of
the neural tissue as it relates to the thickness of the column of
CSF. Group B3 (20 cases) comprised patients with the presence of
both syringomyelia and external syrinx (Figures 4 and 5). In group
B4 (6 cases), the spinal cord was normal and no abnormal CSF
cavitation was seen (Figure 6). Radiologic measurements were
obtained in the 4 groups individually and analyzed in
comparison with the normal cohort (Tables 1 and 2). The pres-
ence of nonmatched sets precluded a statistical analysis.
The cohort comprised 42 males and 33 females, ranging in from

15 to 51 years (average, 29 years). Magnetic resonance imaging
(MRI) and computed tomography (CT) scan were performed with
the patient’s head placed in a neutral position. The point refer-
ences for the parameters used for the measurement of basilar
invagination have been discussed elsewhere.1,3,5-10
376 www.SCIENCEDIRECT.com WORLD NEU
Anteroposterior spinal canal and spinal cord girth measure-
ments were taken at the C6 midvertebral body level on sagittal
MRI as the index site (Table 2 and Figure 7). The average
maximum diameter of the bony spinal canal was 16.2 mm
(range, 11.9e22 mm) in group B1, 14.6 mm (range, 11.6e16.8
mm) in group B2, 16.6 mm (range, 11.7e21 mm) in group B3,
and 13.2 mm (range, 12e14.5 mm) in group B4. The mean
total thickness of neural tissues at this level was 5.9 mm (range,
3e12.6 mm) in group B1 (where the measurements of the cord
substance were done both anterior and posterior to the syrinx
cavity and then summed), 7.3 mm (range, 6.6e7.7 mm) in
group B2, 6.6 mm (range, 4e10.4 mm) in group B3, and 10 mm
(range, 9e11 mm) in group B4. In the normal population, the
average anteroposterior bony spinal canal measured 12.78 mm
(range, 11e14 mm), and the average spinal cord girth was 10.9
mm (range, 10e12 mm).
With the patient in a neutral head position, a horizontal line

(line A) was drawn connecting the tuberculum sellae to the inion.
Line B was drawn parallel to this line, coursing over the tip of the
odontoid process. Line C was drawn parallel to line B and
coursing over the midpoint of the base of the C7 vertebra
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.08.026
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Figure 2. Images of a 17-year-old boy. (A) T2-weighted MRI showing group
B1 type basilar invagination. (B) CT scan showing basilar invagination.

Assimilation of atlas can be seen. (C) Sagittal cut of CT scan through the
facets showing type C facetal instability.

Figure 3. Images of a 36-year-old female patient. (A) T2-weighted MRI
showing group B2 basilar invagination and Chiari malformation. Note the
external syringomyelia and external syringobulbia. Atrophy of the superior
vermis is evident. The fourth ventricle is normal. (B) T1-weighted MRI

showing the group B2 basilar invagination and Chiari malformation. (C) CT
scan showing fusion of the C2-C3 and C4 vertebrae. (D) Sagittal image of
the CT scan showing the malalignment of facets. Type B facetal instability
is evident.
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Figure 4. Images of a 35-year-old female patient. (A) T2-weighted MRI
showing group B3 basilar invagination and Chiari malformation. Note the
presence of syringomyelia and external syrinx. The superior aspect of

cerebellum shows atrophy. The fourth ventricle is normal. (B) Sagittal
image of the CT scan showing basilar invagination. (C) Sagittal image of CT
scan showing type B facetal instability.
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(Figure 7). The Wackeheim clival line was drawn from the tip of
the posterior clinoid process along the posterior limit of the
clivus. The angle subtended by the clival line with line B was
considered the angle of the clivus. The mean angle of the clivus
was 139.5 degrees in group B1, 129 degrees in group B2, 134
degrees in group B3, 138.6 degrees in group B4, and 123 degrees
in the normal cohort (Table 1).
Figure 5. Images of a 15-year-old male patient. (A) T2-weighted MRI
showing group B3 basilar invagination and Chiari malformation. Note the
presence of both syringomyelia and external syrinx. (B) CT scan of the
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The distance to the tip of the odontoid process from the
Chamberlain line ranged from 5 to 23.6 mm (average, 12.3 mm).
Basilar invagination was considered severe when the tip of the
odontoid process was >10 mm above the Chamberlain line. Fifty-
two patients (70%) had severe basilar invagination. The distance
to the tip of the odontoid process from the pontomedullary
junction was 9e25.8 mm (average, 14.47 mm) (Table 1).
cranioverbral junction showing severe basilar invagination. Assimilation of
the atlas and C2-C3 fusion are evident. (C) Sagittal image of CT scan
showing type A facetal instability.
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Figure 6. Images of a 62-year-old female patient. (A) T2-weighted MRI
showing group B4 basilar invagination with Chiari malformation. Note the
atrophy of the superior aspect of the cerebellum and Chiari malformation.

(B) CT scan showing type B facetal instability. (C) Sagittal image of CT scan
showing assimilation of atlas and basilar invagination.
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The modified omega angle was used to measure the degree of
angulation of the odontoid process3 (Figure 8). This angle ranged
from 47.6 to 91 degrees (average, 70.8 degrees). The distance
between line A and the inferior tip of the clivus was taken as
the clival height, and the distance between lines B and C was
considered the length of the neck (Figure 7). Neck size ranged
from 6.4 to 13.32 cm, and clival height ranged from 12.4 to 50
mm (average, 36.6 mm). Brainstem and cervical spinal cord
length were measured from the midbrain and pons junction to
the lower border of the C7 cervical vertebra. The maximum
brainstem girth was measured at the level of tip of the odontoid
process and ranged from 9 to 14 mm.
In accordance with our recently described classification of

atlantoaxial instability based on facetal alignment, we divided
basilar invagination into 3 types11,12: type A facetal instability, when
the facet of the atlas was dislocated anterior to the facet of the axis;
type B facetal instability, when the facet of the atlas was dislocated
posterior to the facet of the axis; and type C facetal instability, when
the facets were in alignment and the instability was detected only on
direct handling of the bone during surgery. Three patients had type
A facetal instability, 33 had type B, and 39 had type C.
Table 1. Radiologic Parameters in the 4 Groups of Cases

Parameter
Group B1, mean

(range)

Clival length, mm 36.3 (25e49)

Clivus angle, degrees 139.5 (111e162)

Modified omega angle, degrees 64.41 (47.6e91)

Severity of basilar invagination (distance to odontoid tip from
Chamberlain line), mm

14.3 (5e23.6)

Distance to odontoid tip from pontomedullary junction, mm 13.1 (9.4e21)
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DISCUSSION
In 2004, we divided basilar invagination into 2 groups on the basis
of the presence (group A) or absence (group B) of manifested
craniovertebral junctional instability, as demonstrated by an
abnormal increase in the atlantodental interval.2 Basilar
invagination was classified as group B when the atlantodental
interval was unaffected or was within the reported normal
range.2 Essentially, the aim of the classification was to identify
atlantoaxial instability as the nodal point of pathogenesis
in group A cases, whereas group B cases had fixed or stable
atlantoaxial joints. Atlantoaxial stabilization and craniovertebral
junction realignment was the aim of treatment in group A cases,
and foramen magnum decompression was the treatment in
group B cases.
As our understanding of the region has grown, instability at

the atlantoaxial joint has become recognized as the defining
pathology in both group A and group B basilar invagination.13-15

Even though the fusion occurs in several spinal segments, the
atlantoaxial joint is unstable and active and is not fused. The
instability of the atlantoaxial joint can be identified on direct
intraoperative observation or on imaging of the alignment of the
Group B2, mean
(range)

Group B3, mean
(range)

Group B4, mean
(range)

Normal, mean
(range)

36.9 (31.8e40) 41.2 (31.2e50) 32 (30e39) 38e52

129.2 (119e145) 134 (122e160) 138.6 (137e147) 123 (114e129)

69.2 (59.3e82.3) 71.4 (50e88.7) 78.4 (69e82.8) 81.1 (75e86)

11.8 (10e13) 14.1 (10e18.2) 9 (8e10.5) <5

11.1 (9e13.5) 16.8 (9.4e25.8) 16.9 (9e17) 28.9 (21.6e37.2)
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Table 2. Musculoskeletal and Neural Parameters

Parameter
Group B1, mean

(range)
Group B2, mean

(range)
Group B3, mean

(range)
Group B4, mean

(range)
Normal, mean

(range)

Neck length, cm 10.24 (8e12.57) 9.22 (7.66e10.1) 10.14 (6.4e13.3) 10.45 (9e12.25) 11.9 (11e14)

Posterior fossa height, mm 25.8 (10.9e37.9) 27.3 (13e36) 23.6 (18.1e35) 25.6 (21.7e32) >30

Neural length, cm 14.42 (12.93e21) 13 (10.35e14.5) 10.14 (6.4e13.3) 12 (11.25e14) 15.71 (14e17)

Transverse diameter of the cervical canal at C6
level, mm

16.2 (11.9e22) 14.6 (11.6e16.8) 16.6 (11.7e21) 13.2 (12e14.5) 12.78 (11e14)

Transverse diameter of the cervical cord at C6
level, mm

5.9 (3e12.6) 7.3 (6.6e7.7) 6.6 (4e10.4) 10 (9e11) 10.9 (6.9e9.4)
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facets that are the primary sites of movement in the region. We
recently evaluated facetal instability in cases with basilar invag-
ination and divided these cases into 3 types, A, B, and C.11,12 In
2004, we identified type A facetal instability as “listhesis” of the
facet of the atlas over the facet of the axis and noted its simi-
larities in pathogenesis and in principal to lumbosacral spon-
dylolisthesis.2,16 Such instability is more often associated with
Figure 7. The various lines used for measurements. Line A is drawn from
the tuberculumsellae to the torcula. Line B is a line drawn parallel to line A
and traveling through the tip of the odontoid process. Line C is a line
drawn parallel to lines A and B and passing through the midpoint of the
base of the C7 vertebral body. Line D is a line drawn from the tip of the
odontoid process to the midpoint of the base of the C7 vertebral body,
representing neck height. Line E is the distance between lines A and B,
representing the posterior fossa height. Line F is the transverse diameter
of the cervical canal and the mid-C6 vertebral body level.
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group A basilar invagination, which involves an obvious mani-
festation of atlantoaxial instability demonstrated by alterations in
the atlantodental interval. Because cord compression is relatively
early and more pronounced in such cases, the clinical manifes-
tations are relatively acute. We classified type B (retrolisthesis)
and type C facetal instability as central or axial atlantoaxial
instability, because the atlantodental interval was unaltered or
only marginally altered and compression of the neural structures
by the odontoid process was not a prominent feature. Conse-
quently, central or axial instability is more often associated with
chronic or longstanding symptoms and more often associated
with group B basilar invagination. Identification of instability,
particularly in type C facetal instability, is purely subjective and
based on corroborative evidence and personal experience. Ac-
cording to current standard observations based on described
parameters, the patients with group B basilar invagination do not
have any instability. The issues of facetal instability, its mea-
surement/thresholds, and its clinical significance remain to be
validated by further clinical studies. Essentially, we identified
that all cases of basilar invagination (groups A and B) were
secondary to instability at the atlantoaxial joint. In our present
analyses of cases of group B basilar invagination, 3 patients had
type A facetal instability, 33 had type B facetal instability, and 39
had type C facetal instability.
Group B basilar invagination is characterized by several

musculoskeletal and neural structural alterations. Depending on
the pattern of reorganization of the neural structures in general
and CSF spaces in the cervical spinal canal in particular, we
divided group B basilar invagination into 4 subgroups. Although
the exact clinical relevance of this subdivision of group B is
unclear and does not seem to influence clinical decision making,
it does aid in categorizing the various structural alterations.
We found that the anteroposterior spinal canal dimension was

increased in the majority of these cases compared to the normal
population (Table 2). This finding demonstrates significantly
decreased cord thickness and increased CSF volume in groups
B1, B2, and B3 compared with normal controls. The cord
thickness was reduced by 45.8% in group B1, by 33% in group
B2, and by 39.44% in group B3. The average anteroposterior
dimension of the CSF cavity at the mid-C6 vertebral level were
similar in groups B1 (8.5 mm), B2 (7.3 mm), and B3 (9 mm),
regardless of whether CSF was present inside or outside or both
inside and outside the cord substance.
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2016.08.026
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Table 3. Fusions in Various Spinal Segments

Radiologic Finding

Number of Patients

Group
B1

Group
B2

Group
B3

Group
B4 Total

Occipitalized atlas 19 2 8 2 31

C2-C3 fusion 10 4 5 — 19

Both occipitalized atlas and C2-C3
fusion

10 — 5 — 15

KlippeleFeil syndrome — 1 1 — 2

Figure 8. Measurement of the modified omega angle. A line, X, is drawn
along the hard palate. Another line, Y, is drawn parallel to this line and
traversing through the midpoint of the base of the C2 vertebra. A line, Z,
is drawn from the midpoint of the C2 vertebra to the tip of the odontoid
process. The angle between line Z and line Y is the modified omega
angle.
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The measurements suggest that the basilar invagination was
severe in a significant majority (70%) of cases. The average dis-
tance to the tip of the odontoid process from the Chamberlain line
was 12.3 mm (range, 5e23.6 mm). There was no statistically sig-
nificant difference in the severity of basilar invagination among
the 4 subgroups (Table 1). These observations suggest that both
neck size and the posterior fossa height were smaller than the
values seen in the normal population (Table 2). Essentially, it
appears that both the posterior fossa or clival height and the
neck size were reduced simultaneously and proportionately. The
bone fusions were most often either above (assimilation of the
atlas) or below (C2-C3 fusion) the tip of the odontoid process
(Table 3).
The lengths of neural tissues, including the brainstem and

spinal cord, were measured from the upper margin of the pons to
the spinal cord at the lower border of the C7 vertebra. The lower
border of the C7 vertebra served as a landmark, because it could be
clearly seen on MRI. A neural landmark (e.g., the exit point of the
C7 root) could not be consistently visualized on a sagittal MRI
image. A comparison of neural length suggests that in our cases,
the length of the neural structures, including the brain stem and
cervical spinal cord, was close to or only marginally greater than
that seen in normal controls despite the presence of a short neck
and smaller posterior cranial fossa (Table 2). Based on these
observations, it appears that decreased neck length and clival
WORLD NEUROSURGERY 95: 375-382, NOVEMBER 2016
height are not associated with decreased brainstem and spinal
cord length.
Our observations suggest that the decrease in posterior cranial

fossa/clival height and shortening of the neck in the presence of
normal cord and brain stem length result in relaxation of the
neural structures and allow a stretch-free traverse over the tip of
the odontoid process. The craniocervical cord is “humped” over,
but not significantly compressed or indented by the odontoid
process. This idea was confirmed by the measurements of brain-
stem girth opposite the tip of the odontoid process. It appears that
shortening of the neck and a decrease in posterior fossa height
could be naturally occurring protective measures that allow critical
neural structures to traverse stretch-free over the tip of the
odontoid process.
We have previously reported that musculoskeletal changes that

included short neck, torticollis, platybasia, and secondary “spon-
dylotic” changes could be reversed in the immediate postoperative
period following atlantoaxial stabilization.17 We also identified a
potential for the reversal of bone fusions following atlantoaxial
stabilization. Although contemporary opinion suggests that
basilar invagination and its related morphological features are
related to embryonic dysgenesis, our observations suggest that
all of the musculoskeletal changes could be secondary to
longstanding atlantoaxial instability. Despite the fact that our
clinical results favor our hypothesis, further studies are needed
to corroborate our findings and take these observations from the
level of speculation to scientific proof. The atlantoaxial
instability likely occurs late in fetal life or in early infancy; the
exact time frame for the establishment of instability is
impossible to identify. There was no statistically significant
difference in the musculoskeletal and neural organization
among the 4 subgroups.
A larger-than-usual pool of CSF was also identified anterior to

the brainstem in 5 group B2 cases and in 8 group B3 cases. We
classified the presence of an increased volume of CSF anterior to
the brainstem as external syringobulbia. In 3 cases with syringo-
myelia (B1 group), syringobulbia was present as well. Syringo-
bulbia was not present in any cases in groups B2, B3, and B4.
There was atrophy of the cerebellum, most predominantly in the
superior vermis and in the superior aspects of the cerebellar
hemispheres.18 Fourth ventricle size was not compromised or
deformed in any case. These findings suggest that the
www.WORLDNEUROSURGERY.org 381
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morphological alterations in the neural structures resulted in a
complex that allowed it to “float” in an increased volume of CSF
in both the posterior cranial fossa and the spinal canal. The
presence of CSF within the spinal cord substance
(syringomyelia) or outside the spinal cord (external syrinx) or
within both of these compartments likely had a role in
providing floatation for the neural structures and in providing a
firm, noncompressible cushion.19,20 The syringomyelia and
external syrinx likely had similar roles.
Chiari malformation was present in all cases. We had speculated

earlier that Chiari malformation could be a secondary phenomenon
or a natural response to longstanding atlantoaxial instability.20,21

Chiari malformation could be nature’s protective “airbag,”
serving as a cushion to prevent critical neural structures from
getting pinched between bones in the event of instability.8 From
our measurements, it appears that the volume of the posterior
cranial fossa is reduced in these cases; however, the cerebellum
382 www.SCIENCEDIRECT.com WORLD NEU
is atrophic, and a greater-than-normal amount of CSF was pre-
sent both anterior to the brainstem and around the cerebellum and
within the fourth ventricle. The traditionally accepted theory that
the Chiari malformation is a result of the presence of a small
posterior cranial fossa that is unable to accommodate the cerebellar
volume does not seem appropriate here.20-23
CONCLUSIONS

Our observations based on our operative experience suggest that
the primary point of pathogenesis in all cases of group B basilar
invagination is longstanding atlantoaxial dislocation. Musculo-
skeletal and neural malformations may be secondary processes
that are protective in nature and are a result of nature’s reparative
mechanisms. These processes stall or delay the neural dysfunc-
tion. Further study is needed to assess the validity of our
conclusions.
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